Calculations of the barrier height and charge distribution of a metal-dielectric interface
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whether the Brillouin frequency is pulled upwards or downwards to the nearest mode.
Attempts to observe a beat signal when the ruby amplifier is passive at the Brillouin frequency, but regenerative at the peak of the Rl line shape, were generally not successful. Oscillation invariably occurred in both spectral regions and prevented the obtaining of the true Brillouin shift.
It is clear that if precise shifts are to be obtained, either the Brillouin backscattered light must be monitored directly along with the excitation (which presents a difficult optical alignment problem in the case of optical beats) or the ruby amplifier must be made passive. 56, 174 (1966) .
BARRIER LOWERING AND FIELD PENETRATION AT METAL-DIELECTRIC INTERFACES
(Al-Si0 2 ; MOS structures; E)
We report here photoemission measurements on Si-Si0 2 -AI structures in which the metal-Si0 2 barrier energy has been determined as a function of the electric field strength E in the dielectric. The expected barrier lowering is the sum of two terms: a) the Schottky term, proportional to £1/2 and b) a term due to the penetration of the electric field into the metal electrode, proportional to E. The experimental results are in good agreement with the model, where the Schottky effect involves the optical value of the dielectric constant of the oxide and the Thomas-Fermi screening distance in the metal is I A. either effect in a polar dielectric, although the Schottky effect alone has been observed in silicon} Silicon used in these studies was 0.0005/fi-cm n-type in the form of (III) oriented circular slices about 20 mm in diam and lapped both sides to 250 p,. The silicon slices were cleaned in both organic and inorganic solvents and chemically polished in a 4: 10 HF: HNO a solution to 150-p, thickness. Following the polish procedure they were quenched in concentrated HNO a , rinsed in deionized water, and immediately oxidized in dry oxygen at 1200°C for 6 min. The oxide from the back of the samples was removed with hydrofluoric acid using photo- Photocurrents in the MOS devices were measured with a vibrating reed electrometer. The light source was a xenon short arc lamp and a quartz prism monochrometer. Intensity calibration was done with a Reeder thermocouple. Although the sample response increased at shorter wavelengths, the monochrometer dispersion and lamp characteristic caused a rapid decrease in light intensity, yielding an overall response which increased only slowly at shorter wavelengths. This fact virtually eliminated any problems due to scattered light. Maximum photocurrents were of the order of 10-11 A, while the dark current was less than 10-15 A.
The dependence of the photocurrent on photon energy was observed to follow a cubic law above threshold, very similar to that observed in vacuum photoemission.
2 This relationship is demonstrated in Fig. 1 , where the cube root of the photocurrent is plotted vs photon energy. These data were taken with negative bias on the AI and correspond to electron emission from the metal. The intercepts on the hll axis correspond to the AI-Si0 2 barrier energy at any particular value of applied bias. It 
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IS clear that the barrier energy is lowered with approximately a square root dependence upon applied bias. In order to determine the exact form of this dependence, however, one needs to consider the voltage across the oxide which differs from the applied voltage by the difference between the metal-Si0 2 and Si-Si0 2 barrier energies.
Similar data taken with negative bias on the Si indicate a zero field Si-Si0 2 barrier energy3 between 4.35 and 4.4 eV, giving a built-in contact potential of approximately 0.1 V (AI positive with respect to Si). Band bending in the silicon will be negligible because of the heavy doping. Using this information the barrier energy can be plotted as a function of electric field in the oxide, as shown in Fig. 2 . The result should be of the form
where <Po is the zero field AI-Si0 2 barrier energy; KH = 2.1 and KL = 3.8 are the high and low frequency dielectric constants of Si0 2 respectively; A is the Thomas-Fermi screening distance in the metal,5 
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and the other constants have their usual significance. The dashed line in Fig. 2 is given by the El/2 term only. The solid curve is computed using the full expression assuming A. = I A, and is seen to be in good agreement with the experimental results.
Several comments should be made concerning these results. First, the real nature of field penetration in the metal is not simply representable as an additive term as we have assumed, since it will also have an effect upon the image charges in the metal and hence on the image potential itself. Second, although the films used here are many times thicker than those of Braunstein et al. 6 and Lewicki and Mead,7 they show none of the peculiar behavior of the latter. Third, the I-A value of A.
is somewhat larger than that calculated on the basis of any of the simple models. s Any interfacial layer or lack of perfect uniformity in the metal-Si0 2 contact will produce a term linear in the field which would be undistinguishable from a larger A. in the metal. This may be responsible for the discrepancy in the present case. Finally, the effect of field penetration would be greatly reduced by charge induced in surface states at the metal-Si0 2 interface. However barrier energies of different metals on similar Si0 2 structures were measured 3 and found to vary approximately as the electronegativity of the metal, indicating the absence of any appreciable density of surface states. 
